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INTRODUCTION

24
The use of skin-surface reflective markers to represent bony anatomical landmarks has been to skin, movement of the limb naturally causes the soft tissue (especially skin and fat) surrounding 31 the bone to move (Baker, 2006; Cappozzo et al., 1996) . Consequently, the marker attached to the 
Pointer Development
59
A pointer with 4 fixed retro-reflective markers was created then labelled as a cluster in Vicon
60
Tracker software (ver.2.2, Vicon Motion Systems, Oxford). A local co-ordinate system was 61 created within the pointer using this software. A temporary marker (without its base of support) 62 was used to determine the position of the pointer tip relative to the fixed markers on the pointer. 
Recording Pointer Co-Ordinates
69
To replicate the positions of anatomical landmarks (e.g. lateral and medial knee epicondyles), two 70 red dots were drawn onto two sides of a sturdy box. The dots were placed half-way across the 71 width of the box, and a couple of centimetres below the top of the box.
72
The box was placed onto a stool in the field of view of 8 Vicon Bonita B10 cameras (Vicon Motion
73
Systems, Oxford). Elasticated straps attached the box to the stool to prevent movement.
74
Ten different types of pointer orientations were investigated. Each was analysed with the pointer 75 parallel to the ground as well as perpendicular to the ground. Thus, twenty combinations were 76 recorded for each landmark (Fig. 1 ). Fig. 2 shows examples of the orientations analysed. vectors produced between the two points per orientation type were generated with Matlab® (ver.
80
R2014a: Mathworks Natick, MA). The x-axis was anteroposterior, the y-axis was vertical and 81 the z-axis was mediolateral.
82
To confirm that the box did not move as the pointer was used against it, a marker was glued onto 83 the box and the co-ordinates of the marker were recorded as the pointer was used twenty times
84
(once for each orientation).
85
The cameras were calibrated as recommended by the manufacturers. The image error of each 86 camera was <0.3mm (average camera error = 0.257mm). 
Results
95
Average Euclidean distance between reconstructed points were 3.2±1.4mm (range: 0.3-7.1mm)
96
for the left-hand side of the box and 3.3±1.5mm (range: 0.3-7.9mm) for the right.
97
Greatest mean differences were between the points reconstructed when the pointer was positioned x-and y-co-ordinates created when the pointer was superior to and inferior to the landmark differed pointer superior to the landmark and inferior to it was 2.3mm.
109
The smallest differences in Euclidean distances between points were observed when the pointer 110 was rotated about the medio-lateral axis (0.3mm for both landmarks). No statistical differences
111
were found: p = 0.055 for x-co-ordinates, p = 0.070 for y-co-ordinates and p = 0.944 for the z-co-
112
ordinates.
113
ICC values of all co-ordinates recorded at both landmarks were excellent (all 0.99). orientations were adopted, the mean difference in magnitude was 0.4mm.
123
To determine the repeatability of a single point in a given orientation, each x-, y-and z-co-ordinate 
135
The greatest Euclidean distances between reconstructed landmarks in our investigation were 136 7.1mm and 7.9mm; considerably smaller than those reported by Della Croce et al. (1999) .
137
According to their study, differences of up to 25.0mm were recorded at some anatomical 138 landmarks (smallest difference of 4.8mm), where differences were calculated as the root mean 139 squared distance from the mean position. This difference is likely to be since the landmark was 140 pre-defined in this study, and no palpation was required. be even greater when used on skin.
150
We are confident that the differences highlighted in our results were not due to movement of the 151 box as the pointer was used against it, as y-and z-co-ordinates of a marker glued onto the box 152 remained the same to 3 decimal places as the pointer was used. On occasion, the x-co-ordinate of 153 the landmark became reduced by 0.001mm; otherwise the position was consistent.
154
The pointer should therefore be held in a neutral position with relation to the landmark when the pointer could be held in any orientation in this plane when calibrating.
158
The co-ordinates recorded were highly repeatable and reliable when a particular orientation was 159 used (ICCs = 1.000). This highlights the importance of a consistent calibration technique,
160
suggesting that using a combination of orientations, even about the medio-lateral axis, could be 161 detrimental to the calibration process.
162
A limitation to this study is that there was no baseline co-ordinate against which the recorded co-
163
ordinates could be compared, but this replicates the clinical situation where the true value is 164 unknown. Furthermore, only one pointer was used in this study.
165
Conclusion
166
Despite the increase in use of instrumented-pointers in biomechanical research and orthopaedics
167
to calibrate the 3D position of bony anatomical landmarks, no study to date had investigated the 168 effect of pointer-orientation on the co-ordinates recorded.
169
Our results showed that the co-ordinates recorded by the pointer differed to a level which could 170 influence kinematic reconstruction. The greatest Euclidean distance between reconstructed 171 landmarks in our investigation was 7.9mm which could have led to a kinematic error of approximately 5°. Errors above 5° are clinically unacceptable. We therefore recommend that the 173 pointer should be consistently held in a neutral position to the landmark (i.e. not inferior, superior,
174
anterior or posterior to the landmark) during anatomical calibration to reduce the chances of 175 introducing error through improper pointer orientation.
176
Overall, we are confident that the pointer-calibration method can be reliably used to record the 177 position of an anatomical landmark in three dimensions. However, accurate location of the 178 anatomical landmark by palpation is still necessary, regardless of whether a pointer or static marker 179 is used to record its location on the body.
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